BlOCHEMICAL SOCIETY TRANSACTIONS found in the response of the electron-capture detector for fatty acids of niicrosomal lipids from CC1,-treated rats (the latter peak is clearly a group of unresolved peaks).
The Effect of Zinc Deficiency and Food Restriction on Hepatic Zinc Proteins in the Rat
I. BREMNER, N. T. DAVIES and C. F. MILLS The Rowett Research Institute, Bucksburn, Aberdeen AB2 9SB, U.K.
As a part of a programme of work to investigate the nature of competitive metabolic interactions between zinc and copper we have been examining the nature of the metalloprotein components of the liver cytosol. Relevant to these studies are the observations by Webb (1972) on the existence of a low-molecular-weight zinc-containing protein in the livers of female but not of male rats. Synthesis of this protein can be induced by injections of a zinc salt. The protein is similar in some respects to metallothionein (Kagi & Vallee, 1960 ,1961 , a cadmium-and zinc-binding protein whose synthesis can be induced by cadmium (Shaikh &Luck, 1970) . Proteins havingsimilar properties, but binding both zinc and copper, occur in sheep, pig, calf and human liver, where they may bind more than 50% of the total zinc and more than 20% of the total copper, although they are absent from zinc-deficient animals (I. Bremner, unpublished work). A study has now been made of the changes in the binding of zinc and copper in rat liver during the onset of zinc deficiency, after restriction of food intake and after the injection of ZnS0,.
Male rats were used in all these studies. In most experiments the animals initially weighed about 150g. The semi-synthetic basal diet described by Williams & Mills (1970) was used throughout and this was either supplemented with ZnS0, (4Op.p.m. of Zn) or was offered in unsupplemented form (4 p.p.m. of Zn).
Pooled livers from three or four rats were homogenized in 10mM-Tris-acetate buffer, pH8.2, at 1°C and centrifuged at lOOOOOg for 1 h, and the supernatants were fractionated on Sephadex G-75 with the same buffer. Fig. 1 illustrates a typical elution pattern of soluble proteins containing zinc and copper. Three fractions were obtained, these having approximate molecular weights of >65000, 35000 and 12000, as estimated from their elution volumes from the calibrated column. It is not claimed that these fractions are homogeneous or that the copper and zinc are necessarily associated. It seems likely, however, that the second fraction (IT) contains hepatocuprein and that the third fraction (Ill), which showed little absorbance at 280nm, corresponds to the zinc-induced protein described by Webb (1972) . The distribution of zinc among these fractions, as pg/g of liver, is shown in Table 1 . Usually 50-60 % of the hepatic zinc and 30-50 % of the copper were recovered in the supernatants.
When 300pg of zinc was injected intraperitoneally (as ZnSO, in 0.9 % NaCI) into zincdeficient rats the liver zinc concentration increased by about 14pg/g within 7h, and at least 70% of this was associated with fraction 111; other soluble fractions were unaffected. Zinc concentrations in fraction I11 remained elevated for 2 days after the injection, but at 3 days only 3 % of the hepatic zinc was in this form.
The effects of the following treatments in modifying the quantity of zinccontributed by fraction I11 were investigated: (i) the induction of zinc deficiency (with its accompanying decline in food intake after 5 days of depletion) by offering a diet providing less than 1 p.p.m. of Zn; (ii) the effects of zinc repletion of previously deficient animals; (iii) the effects of unrestricted and restricted consumption of a zinc-supplemented diet. The results are presented in Table 1 .
Fraction I11 accounted for only between 1.1 and 1.9% of the total hepatic zinc in preparations from zinc-deficient rats or from rats offered unrestricted access to the zinc-supplemented diet. In contrast, when the intake of the zinc-supplemented diet was restricted, fraction I11 contained approx. 7 % of the total zinc. This response did not occur during the voluntary decline in food intake of rats offered the zinc-deficient diet for 5 days or longer.
When rats, previously given restricted access to zinc-supplemented diet for 21 days (thus promoting the appearance of fraction III), were then given zinc-deficient diet, there was a gradual decline in the zinc content of this fraction during the ensuing 6 days.
From these results it appears probable that, when the liver zinc concentration was less than 30pg/g fresh wt., only a small proportion of the zinc was associated with the lowmolecular-weight components of fraction 111. Increases in liver zinc concentration above this value were largely accounted for by an increase in the zinc content of this fraction.
No similar modifications of the zinc content of the higher-molecular-weight components (fractions I and 11) occurred in response to the above dietary treatments. Further confirmation of the effects of food restriction on liver zinc distribution was obtained in a separate study with younger (70g) rats killed 24h after suffering minor or severe restriction of intake (namely 7.8 or 2.1 g of food/day). The contributions of zinc in fraction 111 to total hepatic zinc were 11 and 19% respectively.
Copper was present in the liver supernatants mainly in fraction 11, usually about 2pg/g of liver or 70-80% of the soluble copper. Only 5 % of the soluble copper was in fraction 111, except where liver zinc concentrations were high, as in food-restricted rats (16%) and ZnS0,-injected rats (up to 30%). The Cu/Zn ratio in the supernatant determined to some extent the Cu/Zn ratio in fraction 111. These findings suggest that fraction I11 may serve as a temporary store for zinc or be involved in some detoxication mechanism. However, the fate of zinc after its incorporation into the protein has not been established, and it is not known whether the zinc is subsequently excreted or is redistributed to other tissues. The association of copper with fraction I11 does not necessarily imply that it has a similar role in copper metabolism.
